ABSTRACT Breathing patterns early and late in the night, at the same sleep stage, were compared in six healthy subjects and 15 adults with nocturnal asthma, to try to identify changes of overnight bronchoconstriction, and breathing patterns at different sleep stages, to see whether there were changes related to sleep stages that were indicative of bronchoconstriction. Despite an average 31% fall in FEV1 overnight in the patients with asthma, neither breathing frequency nor expiratory time, which might be expected to change during bronchoconstriction, was different early in the night from late in the night, nor did they differ between sleep stages. There was no evidence of asynchronous movement of the chest and abdomen in any patient. This study did not identify any abnormality of breathing pattern that would indicate the development of nocturnal asthma without the need to awaken the patient.
Introduction Methods
Nocturnal wheeze and cough are common problems for many asthmatic patients. These symptoms result from overnight bronchoconstriction, which is caused at least in part by sleep We studied 15 asthmatic patients (11 men and four women; mean age 34 (range 18-69) years), all of whom complained of nocturnal wheeze. All increased their FEV1 by more than 20% after bronchodilators and all had been stable for at least four weeks before study. All were receiving bronchodilator inhalers, which were withheld for six hours before the study; 11 were having inhaled corticosteroid treatment, and two were receiving oral prednisolone in a dosage of 10 mg/day or less. Six healthy men were also studied as controls (mean age 33 (range 23-45) years).
All subjects spent two consecutive nights in the sleep laboratory; the first was for acclimatisation and only data from the second night are reported. FEV1
and FVC were measured before and after sleep in triplicate and the highest level is reported. In figure) . All five asthmatic subjects whose FEV1 fell overnight by 1 litre or more (mean FEV1 before sleep 3-8, after sleep 23 1) had a longer Te late than early in the night (2-3 (0 2) v 2*6 (0 2) s). Te tended to increase, however, in the six normal subjects also (2-1 (0-3) v 2-4(0-3)s; p > 0-1) and there was no significant difference between the change in Te overnight in these five asthmatic patients and that in the six normal subjects. There were no other consistent differences between early and late in the night in the breathing pattern in these five asthmatic subjects. The mean oxygen saturation in the asthmatic subjects when awake was 96% (2%), the lowest oxygen saturation during sleep averaging 88% (4%). There was no correlation between overnight falls in FEV, and the degree of nocturnal hypoxaemia.
None of the nine patients studied with the Respitrace showed paradoxical movement of the chest and abdomen at any stage. There were small phase differences between chest and abdominal movement, maximal abdominal excursion always preceding maximal chest excursion; but this lead time was under 13% of Ttot in each subject at each sleep stage. The mean phase difference was 3 0% (10%) of Ttot in awake subjects, 4-8% (1-3%) during non-REM sleep, and 5 3% (1-7%) in REM sleep.
Discussion
We thus found no abnormality of breathing pattern in sleeping patients with nocturnal asthma that might indicate nocturnal bronchoconstriction. We could therefore not confirm our preliminary report ' (12-15 years) and their chest walls would be more rgid. Even our younger patients, however, showed no paradox. The study confirms our previous observation'2 that, contrary to another report, '7 there is no correlation between the extent of nocturnal hypoxaemia and the degree of nocturnal bronchoconstriction.
This study thus suggests that adults with relatively mild nocturnal asthma have no abnormality of breathing pattern indicative of overnight or sleep stage related bronchoconstriction.
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